between microorganisms has received great attention obtained for the ranges 2.00 to 8.00, 1.30 to 8.00, and 1.20 to 5.80 mg (Alexander, 1977 (Alexander, , 1981 . compounds in soils can be obtained through estimation of the biotransformation and resistance to microbial attacks (Alexander, 1981) .
A diversity of pesticides are used on a vast and exInvestigations showed that, in nature, microorganisms panding scale in modern agriculture, with the aim are responsible for converting organic and inorganic comof eliminating undesirable weeds, insects, and diseases.
pounds through microbial metabolism and biosynthesis. Some of these compounds are directly applied to soil, Particular species of microorganisms convert many synbut the great majority can reach plants and animals thetic organic chemicals or organic substrates to inor- (Pramer and Schmidt, 1959) . ganic products, and chemical structure and environmen-A serious concern of the agricultural community is tal conditions govern this activity. The application of a the increase of pesticide residues (Somich et al., 1990) , given agrochemical to soils modifies the habitat, and because the application of these xenobiotics in soils can the transformation can cause immediate and future efcause damage to the ecosystem. Long-term action is fects on the community. The chemical structure, concenrequired for a good preemergence herbicide to give a tration present, and persistence in the soil determine kind of sterilization. However, due to the fact that these the biological tolerance to toxic agents. On the other molecules are stable and may accumulate, they may hand, the effect of a pollutant is evaluated by its inhibiadversely influence microbial processes that are an estory action on cells, organisms, and microbial activity, sential part of the carbon, nitrogen, and sulfur cycles.
which depends on the community present, concentraAnother aspect associated with pesticides is related to tion of compounds, and tolerance to exposure. The eftheir interactions with clay minerals. It has been demonfect of toxic effects on the biodegradation of chemicals strated that many pesticides can be chemically and miin soil can be monitored by calorimetric techniques crobiologically transformed in soil. Herbicides con- (Jolicoeur and Beaubien, 1986; Wadso, 1997) . taining halogenated aliphatic acids are important weed Investigation of chemical toxicology establishes relakillers (Pramer and Schmidt, 1959; Tancho et al., 1992) .
tionships between chemical compounds and the biologiNevertheless, some pesticides are resistant to microbial cal structure of organisms. Biotransformations of these attack (Somich et al., 1990 ) and many of them are afcompounds inside active cells are related with the strucfected by adsorption-desorption processes in the soil ture of these products and reagents and the properties surface (Bosetto et al., 1992; Sposito, 1989) . associated with the microbial processes. Thermal effects Toxicology is concerned with the relationship among can monitor these bioreactions. The structure of the molecules is associated with biological activity processes. time curves obtained can clarify the behavior of different compounds, organisms, and cells. In biological sys-tems the thermal effect produced can be related to the nient alternative method that surpasses the more laborious classic microbial measurements, and also has the toxic effects of the substance and, consequently, the extent to which the microbial activity inhibition is advantage of being nondestructive. The present investigation reports the effects of agrocaused by the xenobiotic agent added to the system (Drong et al., 1991; Kawabata et al., 1983) . chemicals on the microbial processes in a tropical Red Latosol soil. The activity is estimated by calorimetric During the course of an experiment, the application of an excessive dose of an agrochemical is not appropriate measurements of soil supplemented with glucose in the presence of different amounts of agrochemicals such as because it causes death of the community. Thus, the experiments are monitored by calorimetry with the adparaquat, diquat, and phosphamidon. dition of a dose that is metabolized by the biological system of microorganisms.
EXPERIMENTAL Nonspecific analytical techniques like calorimetry
Reagents have an advantage in a broad range of applications. This method has proven to be a suitable technique for 1981, 1983) . Recently, studies were focused on comparing soil microbial properties by calorimetry and Soil Samples other methods (Raubuch and Beese, 1999) .
Isothermal calorimetry applied to microbial processes
The samples of Red Latosol soil were collected from bush vegetation on the campus of the State University of Campinas, when an agrochemical is added was found to be a useful detection of the thermal events in the system (Bä ckman et al., 1994) . Some performance specifications are detection limit 0.15 (W, baseline noise Ͻ0.2 W) and detection sensitivity better than 2.0 ϫ 10 Ϫ4 K over a period of several days. In all experiments the samples were followed using sensitivity of 0.30 to 1.0 W V Ϫ1 of the recorder (Critter et al., 1994) . The thermal effect measurements were obtained by using stainless steel ampoules with a capacity of 5.0 cm 3 , which were hermetically closed by teflon sealing discs aimed to control evaporation yet allow oxygen and carbon dioxide transfer. The sample and reference were simultaneously lowered into a thermostatic cylinder in two distinct units. After two intermediary sequential periods of temperature equilibration, the ampoule was lowered into the definitive measuring position. The reaction ampoule was used for the metabolic process and the reference ampoule for the basal activity of the soil. The thermal effect in each unit was detected and corresponded to the differential voltage signal from the thermopiles of the sample and reference units. All determinations were performed in ampoules charged with 1.50 g of soil and 0.80 cm 3 of an aqueous solution containing glucose, ammonium sulfate in a 1:1 propor- scribed (Wadso, 1990; Critter et al., 1994) . All microbial activity determinations were monitored in duplicates using the Glucose and ammonium sulfate were added as encalorimetric technique.
ergy, carbon, and nitrogen sources. Both are oxidized in the course of bioreactions, which are involved in catabolic and anabolic processes. The reaction products
RESULTS AND DISCUSSION
of ammonium sulfate are nitrate and gaseous nitrogen as well. Gaseous nitrogen is readily lost to the atmosphere. Ecological transformations are expected to occur in microbial populations when a chemical compound is However, this process is of considerable importance in the agricultural practice of microbial activity measureintroduced into the soil. The expected response of the microbial action is its biodegradation. One of the feament (Pramer and Schmidt, 1959) . Different types of catabolism are related to distinct tures of soil microflora is its diversity. Therefore, a very large number of genera and species can be found in thermal effects. The catabolism of glucose in respiration processes reported in the literature as Ϫ2814 kJ mol Ϫ1 in almost any soil sample. The relative proportions of the different groups are influenced by the environment and an aqueous environment, when the source of catabolic energy consumed is totally oxidized (Gustafsson, 1991) . by the capacity of microorganisms to adapt to a variety of media. In this context, the microorganisms require
In the present investigation, large quantities of paraquat, diquat, and phosphamidon were introduced to the energy to maintain themselves and to carry out their essential functions (Alexander, 1981; Gustafsson, 1991) .
soil. The thermal effect versus time for each amount of agrochemical was calculated from the power versus time Calorimetry can be used to quantify transformations in energy that are nonspecific to a given kind of biologicurve in each experiment. The peak time (PT) value is related to the maximum position in the power--time cal system. However, the success in interpreting the experimental data will depend on combining the caloricurve and the thermal effect (⌬H) was calculated by integration of the experimental calorimetric curve in a metric with other results obtained by the use of other specific measurement techniques, such as biomass and convenient period of time. The enthalpic values in all cases of these experiments are exothermic in nature. carbonic gas evolution from glucose enriched with carbon-14 or enzymatic activity.
The results of microbial degradation of glucose in the presence of these pollutants are summarized in Table 1 . Many experiments in calorimetry showed that for a growing culture of a given microbe with a single energy
The mentioned control listed in Table 1 is related to the exponential calorimetric curve containing soil with source, the amount of heat produced during growth is proportional to the amount of the energy source cona 35% moisture content, without additions of any agrochemical, but loaded with assayed glucose. The calorisumed (Beezer, 1980 ). This behavior is characteristic metric results of soil with 35% of moisture and agrochemical, without glucose, did not show an exponential curve for the microbial activity in the period of time considered.
The measurements for the agrochemicals paraquat, diquat, and phosphamidon, involving different masses added varying from 1.00 to 8.00 mg per 1.50 g of soil, are shown in Table 1 . Each determination was performed in duplicate and the standard deviation was calculated.
The enthalpic values (⌬H) decreased from Ϫ2234 to Ϫ1987 kJ mol Ϫ1 for paraquat, Ϫ1670 to Ϫ1306 kJ mol Ϫ1 for diquat, and Ϫ2239 to Ϫ539 kJ mol Ϫ1 for phosphamidon, causing an inhibition of glucose degradation. The peak time was progressively increased, ranging from 43.4 to 65.9 h for paraquat, 49.2 to 76.7 h for diquat, and 34.2 to 83.3 h for phosphamidon. These results show clearly that an increase in the mass of the agrochemical caused a shift of the peak of the curve toward a longer response time, accompanied by a strong reduction in enthalpy. This increase of the peak time occurred in response to the lengthy period of adaptation of the microorganisms in this nutritional condition and in the habitat of the soil, reflecting the difficulty in oxidizing the organic substrate. On the other hand, a longer response of peak time reflects the change in the environmental condition of microbial growth.
The calorimetric curves of soil microorganisms were found to be very dependent on the amount of agrochemical added, because a significant decrease in the enthalpic values and an increase of peak time were observed. Figure 2 illustrates the enthalpic results of calorimetric curves of degradation of glucose with the agrochemicals. decrease in the thermal effect, and when 6.00 mg of phosphamidon was applied to soil the largest reduction compounds, such as phosphamidon, can interact with the cell proteins of the microorganisms and interrupt of this effect was observed, as shown in Fig. 2c . However, in this unfavorable condition for the microbial activity, the microbial activity, causing an increase the inhibitory effect. Then, the enthalpic values of the polarizable comthe microorganisms degraded glucose and after 200 h the system reached a new stationary state of equilibrium, pounds paraquat and diquat showed a lower inhibitory thermal effect on microbial activity. as defined by a plateau in Fig. 2 . The observed changes in the curves show an obvious dependency on increasing
The power versus time curves for bipyridynium diquaternary salts are very similar in shape. The thermal agrochemical degradation. The largest inhibitory effect is manifested with the soil containing phosphamidon, effect for diquat is lower than paraquat and the first xenobiotic shows a higher inhibitory effect on the microwith a large variation in enthalpy, as shown in Fig. 2c . Nevertheless, the decrease in enthalpic values of the bial activity. Increasing amounts of phosphamidon led to a remarkable decrease in the thermal effect, giving microbial activity implies a decrease in the number of organisms (Barros et al., 1999) . This behavior is in accora distinct behavior for the curve represented by Fig. 3 (line C). The rapid decays in the enthalpic values imply dance with the fact that the agrochemical could also be metabolized, resulting in an adaptation of the microora stronger effect in the microbial population growth in the soil. ganism when faced with a modification in the soil environment.
The interest in biodegradation of chemicals in a natural environmental is growing. Calorimetry can be used The results of the total thermal effect after 200 h of the experiment of each mass added for those three to study the effect of pollution on the growth of microorganisms in soil. In this process, the information on how organic compounds added to the soil are shown in Fig.  3 . The distinct structures of these compounds produced microbial species of soil cleave the aromatic molecules of the paraquat and diquat, the contribution of the enzydistinguishable differences in the microbial degradation in the calorimetric curve. The characteristics of the commatic activities, and the complexation factors of the agrochemicals have not been studied. pounds influenced the type and intensity of the toxic
In this investigation, we chose the optimum growth effect. For this process the true characteristics can be without the pollutant to correspond to the control. This related to polarity and water solubility, both features is consistent with the fact that the thermal effect reflects being related to the structure of the compounds. The the action of agrochemical on glucose degradation. Maxbipyridynium compounds diquat and paraquat are poimum growth effect was obtained for actively growing larizable and water soluble, generating their adsorption microorganisms using a soil substrate with glucose (cononto soils and clay surfaces (Hayes et al., 1972) . These trol). For this situation an increase in the relative efficharacteristics permit the motion of agrochemical in ciency () may be expected in response to the energy an aqueous soil solution. Affinity to a cationic surface source. In this process the result of the enthalpic value results in an ion-exchange and/or adsorption process in in the Red Latosol soil was Ϫ2495 Ϯ 49 kJ mol Ϫ1 (⌬HЈ) the soil. This fact can decrease the inhibitory effect of glucose catabolically consumed (Critter et al., 1994) . on microbial activity. However, the less water-soluble It would, however, be required to perform a microbial optimization analysis for organisms, which is probably not the normal state for microorganisms in soil environments. In this condition, the relative efficiency of the enthalpic values for each dose of agrochemical applied to microbial growth was estimated. The thermal effect Somich, C.J., M.T. Muldoon, and P. Kearney. 1990 . On-site treatment of pesticide waste and rinsate using ozone and biologically active
